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8-12 MKM. lpMeHeHne B KOHCTPYKLUMN
ANPPaKLMOHHBIX N acepnyeckmux 31eMeHTOB
npu onpepeseHHON KOM6MHaLUN MapoK
cTekon obecneymsaeT ctabuamsauuio
NJI0CKOCTU N306paxxeHuns 1 BbiIcoOKoe
pa3speweHue. [laHo onucaHue 2- 1 3-INH30BOro
06beKkTMBa C PUKCMPOBAHHBLIM POKYCHbIM
pacctosiHuem 35 MM 1 4-N1MH30BOro 06bEKTUBA
c nepeMeHHbIM POKYCHbIM pacCTOSIHNEM

30-75 MmM.
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BBEAEHWE

CoBpeMeHHBIe IPUOOPHI PabOTAIOT B HIMPOKOM AHA-
masoHe temrepatyp oT -50 °C mo 50 °C. Konebanus
TeMII€paTypPHbBIX yC)'IOBI/II;I SKCIIIyaTalluH 06BeKTH-
BOB IIPUBOJUT K HM3MeHEHHIO JIMHBL OIIpaB, BO3-
OYLIHBIX IIPOMEXYTKOB M ONTHYECKHUX CHJI JIUH3.
A 3TO, B CBOIO o4epefb, BelleT K CMEILIeHUIO IIJIOCKO-
cTu u3obpakeHHUs. [103TOMy 3amada OSHOBPeMeEH-
HOTI'O BBIIIOJIHEHUS yC)‘[OBI/Iﬁ TepMOCTa6HnH3auHH
1 BBICOKOTO pPa3pelleHUs aKTyaJbHa IS 06beKTHBOB
TeIIOBU30POB.

TEMMNEPATYPHASA CTABUTN3ALUA

CylmecTByeT ABa MeTOJa TePMOCTAbMIM3aIUU 00B-
eKTUBOB. [lepBBHIM - MacCUBHAas cTabunu3anus,
KOrla B KOHCTPYKLIHH OOBEeKTHBA IPHUMEHSEeTCS
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Thermally Stabilized
Thermal Imaging
Lenses
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The design of thermally stabilized lenses
operating in the IR spectral range of 8-12 pm is
presented. The use of diffractive and aspherical
elements in the construction with a certain
combination of types of glasses ensures

image plane stabilization and high resolution.
A description is given of a 2- and 3-element
lens with a fixed focal length of 35 mm and

a 4-element lens with a variable focal length of
30-75 mm.
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INTRODUCTION

Modern devices operate in a wide temperature range
from -50 °C to 50 °C. Fluctuations in the operating
temperature of lenses lead to changes in frame length,
air gaps, and lens optical powers. And this, in turn,
leads to a displacement of the image plane. Therefore,
the task of simultaneously fulfilling the conditions of
thermal stabilization and high resolution is relevant
for the lenses of thermal imagers.

THERMAL STABILIZATION

There are two methods of thermal stabilization of
lenses. The first is passive stabilization, when a com-
bination of optical materials with different coef-
ficients of thermal expansion is used in the lens
design. Due to the method of passive stabilization,
when the temperature changes, the defocusing of the
image does not exceed a few micrometers. The second
method involves moving a specific group of lenses
to stabilize the image plane. This method requires
a more complex design due to the need to thermally
stabilize a larger number of lenses and create a focus-
ing mechanism.



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
I OPTICAL DEVICES & SYSTEMS m
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

KOMOMHALMs ONTHYECKUX MaTepuanoB, obinazma-
IOIUX Pa3IUYHBIMHU KO3QPHUIIMEeHTaMH TeMIlepa-
TYPHOTO pacIIMpeHHUs. Biaromaps MeTomy ITacCHB-
HOM CTabM/IM3alluK IPU U3MeHeHUH TeMIIepaTyphl
pacdorycupoBka H306paskeHHUs He IIpeBBILIIAET
HECKOJIbKUX MHKPOMETPOB. BTopoil MeTton mompas-
yMeBaeT IOABMKKY OIIpefelleHHOHM TIpYIIIbl JTHH3
IUIs1 CTAaBMIIM3ALIMK [JIOCKOCTH M300paskeHHUSs. DTOT
MeTos TpebyeT mpHMeHeHHUs 6ojee CIOKHOM KOH-
CTPYKLUHMHU H3-32 HeobXOAMMOCTH TepMoCTabuan3a-
LMK BOJIBIIEero YKMC/Ia JIUH3 U CO3MaHMsI MeXaHHu3Ma
$OKYCHPOBKH.

PA3PELWLIEHWUE

J2bPexrTUBHEIM METOLOM IIOBBIIIEHHSI paspelle-
HUS B OOBEKTHBe SBJISeTCS ero aXpoMaTH3aLlHs.
AxpoMaTH3alus 3aKI0Yaercs B mombope KoM6Ou-
HallMM CTEeKOJI, MMEWIIUX pa3In4YHble Ko3QPHUIIH-
eHTH Jucrnepcur. C IIOMOIIBI axpoMaTH3aLUU
MOXKHO CYINeCTBEHHO YMEHBIIMTh XpOMaTHUYeCKUe
abeppaumuu u obecrmedyuTh TpebyeMoe KadecTBO
n3obpakeHusi. HecMOTps Ha TO, 4YTO IIepevYeHb
ONTUYEeCKUX MaTepHa/IOB, IIPO3PAYHBIX B 06acTH
CriexkTpa 8-12 MKM, BeChbMa OrpaHHYeH, a CaMbIM
pacrpocTpaHeHHBIM MaTepHaJiOM SIBJISETCS TepMa-
HHUIH, MOXHO I1006paTh MapKy MaTepHasa c bosee
HM3KHUM II0Ka3aTejaeM IpesoMiieHus. Takoe CTeKI0
B Ilape C repMaHHeM II03BOJIUT axXpOMaTH3HPO-
BaThb 06BexTHB. ECIM Ha OOHY U3 JIHH3 00BeK-
THBA HaHeCTH AUPPAKIHOHHYIO MHUKPOCTPYKTYpY
(kuHOQOPM), a APYroM JHH3e IPUAATh achepudue-
CKUM MPOPHUIb, MOXKHO HOOHUTBCS TepMOCTabUIIH-
3aIlMH IIJIOCKOCTH M306paskeHUsi. B pabore [1] 6110
[IpefJjioKeHO HCIIONb30BaTh [AJId OJHOBPEMeHHOTO
BBIIIOJIHEHHUS TPe6OBaHUM KOPPeKLHUH XPOMATH-
YeCKUX M MOHOXPOMAaTHYeCKUX abeppauun aud-
PaKLMOHHBIE ONITUYECKHE 3JIeMEeHThl, HaHeCeHHbIe
Ha OJHY M3 II0BePXHOCTeH JTHUH3Bl 00beKTHUBa s
IBorHoro MK-guarmasoHa. IIpx 3TOM aBTOPBI OITK-
panuch Ha PpaboTsl [2, 3], pe3ynbTaThl KOTOPHIX
IOKa3bIBAJIM, YTO YHUKaJIbHBIe abeppallMOHHBIE
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RESOLUTION

Achromatization is an effective method of increasing
the resolution in a lens. Achromatization consists
in the selection of a combination of glasses with dif-
ferent dispersion coefficients. Achromatization can
significantly reduce chromatic aberration and provide
the required image quality. Despite the fact that the
list of optical materials transparent in the spectral
range of 8-12 pm is very limited, and the most com-
mon material is germanium, it is possible to choose
a grade of material with a lower refractive index. This
glass paired with germanium will allow the lens
to be achromatized. If a diffractive microstructure
(kinoform) is applied to one of the lens lenses, and
an aspherical profile is given to the other lens, it is
possible to achieve thermal stabilization of the image
plane. In [1], it was proposed to use diffractive opti-
cal elements deposited on one of the surfaces of the
lens element for the dual infrared range to simulta-
neously fulfil the requirements for correcting chro-
matic and monochromatic aberrations. The authors
relied on works [2, 3], the results of which proved
that the unique aberration properties of diffractive
optical structures give the greatest effect in the IR
range. And taking into account the strict require-
ments for the transmittance of thermal imaging
lenses, the most optimal system is a design of 2-4 lens
elements [4, 5].

PASSIVE-STABILIZATION LENS
CONSTRUCTION

The main parameters of a 2- and 3-element lens with
passive image plane stabilization, obtained after
dimensional and aberration calculations, are given
in Table 1. Diagrams of these lenses and graphs of the
optical transfer function for the operating tempera-
ture range are shown in Fig. 1.

VARIABLE-FOCUS LENS
Fig. 2 shows the view and graphs of the optical transfer
function of an achromatized lens with a variable focal

Ta6bnunua 1. OCHOBHbIE KOHCTPYKTUBHbIE MapaMeTpbl 2- 1 3-TMH30BOr0 06bEKTUBA C NACCMBHOM CTabuamnsaumen naocko-
CTU N306paxkeHns
Table 1. Basic design parameters of a 2- and 3-element lens with passive image plane stabilization

BapuaHt = OTHOCUTeNbHOE OTBepCTHe ®opmart KonnyectBo iMH3 ~ KnHopopm = Acdepuka = Mapkumctekon = AanHa, MM
Option Relative aperture Formfactor | Numberoflenses | Kinoform = Aspherical Glass makes | Length, mm
1 F/1 640x480 1 2 2 45
2 F/1 640x480 1 1 2 50
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QyHKUUU
Fig. 1. Thermally stabilized lenses f’=35 mm: a - diagrams of lenses, b - graphs of the optical transfer function
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CBOMCTBa JOUQPPAKLUHMOHHBIX ONTHYECKHX CTPYK-
Typ AaloT Haubonemun 3¢dekt B MK-guamasoHe.
A C y4eTOM CTPOTHX TPeGOBAHHM K KOIPHUIIHEHTY
IIPOIYCKAHUS TEIVIOBU3HOHHBIX OOBEKTHBOB HaH-
6oee OIITUMANIBHYIO CUCTEMY IIpeACTaBIIsieT cobok
KOHCTPYKLUS U3 2-4-X THUH3 [4, 5].

KOHCTPYKUWNA OBBEKTUBOB

C MACCUBHOW CTABUINU3ALIUEN

OCHOBHBIE ITapaMeTpHl 2- U 3-JIMH30BOr0 06BEKTHBA
C IIACCUBHOM CTabriu3anuen IMJIOCKOCTH H3006pake-
HUS, IOJIyuyeHHble rocae rabapuTHoro u abbepanu-
OHHOTO pacyeTa, NpuBeneHsl B Taba. 1. CXeMbl 3TUX
06BeKTHBOB U T'PAadUKHU ONTHYECKON IepelaTOuHON
¢yHKuMM n1g pabodero mguamasoHa TeMIIepaTyp
IIpeICTaBJIeHbl Ha pHC. 1.

OBBbEKTUB C MEPEMEHHbIM
P®OKYCHbIM PACCTOAHUEM
Ha puc. 2 mpencraBieHsl BUI U IPAaQUKU OIITUYECKOH
IlepeflaTOuYHOM OYHKIUM aXpPOMaTH3HUPOBAHHOTO
0bBeKTHBaA C ITepeMeHHBIM GOKYCHBIM PacCTOSSHHEM
30-75 MM, OTHOCUTe/NBHBIM OTBepcTHeM F/1. Tepmo-
KOMIIEHCAIIUs B 00beKTHBe COBMeIleHa ¢ QYHKI[HeH
3yM, KOTOpas OCYILeCTB/IsieTcs 61aromaps mogBHKKe
2-01 U 3-U JIMH3. [Hamna3oH H3MeHeHHs! PpOKYCHBIX
PacCTOSIHUH B 00BEKTHBe COCTaBIsIeT 2,5X U 06yCI0B-
JIeH C1elyI0IMHU OTPaHHUYeHUSIMHU
¢ MaccorabapuTHble XapaKTePUCTUKU HaKJIAbI-
BAIOT JTUMHUT Ha YHCIO JHH3, HCIOIb3yeMBbIX
B KOHCTPYKUMH (IPHUHSATO 4 JIMH30BBIX 3JI€-
MEHTA);
e nguaMmeTp OPOHTAJIBHOM JHMH3BL He [OJIKeH
IIpeBHIINATh 33/IAHHOTO 3Ha4deHHUs! (IIPHHSITO
70 MM);
¢ [UCTOPCHUS He JO/DKHA IIPeBBINATh 10%.
OCHOBHBIe IapaMeTpPbl PACYUTAHHOM KOHCTPYK-
LIMU TEIJIOBU3UOHHOIO0 O0OBeKTHBA IIPUBEJEHBI
B Tabn. 2. Bce nuH3B B 06BeKTHBe ChepHUecKHe.
B mepBoM BapuaHTe HCIIOJHEHHS BTOpas JIMH3a

i g

length of 30-75 mm and a relative aperture of F/1. The
thermal compensation in the lens is combined with
the zoom function, which is carried out by moving
the 2nd and 3rd elements. The zoom range of the lens
is 2.5x and is subject to the following restrictions:

« weight and size characteristics impose a limit
on the number of lenses used in the design (the
minimum is 4 lens elements);

+ diameter of the front lens element should not
exceed the specified value (accepted 70 mm);

« distortion should not exceed 10%.

The main parameters of the calculated design of the
thermal imaging lens are given in table. 2. All lenses
in the lens are spherical. In the first embodiment, the
second lens is made of germanium with a diffraction
profile, in the second embodiment, the second lens is
made of an optical crystal.

CONCLUSION

Analysis of the functions of the optical transfer func-
tion showed that the use of kinoform, aspherical ele-
ments and a combination of optical materials makes it
possible to create thermal imaging lenses operating in
the IR range with high resolution and thermal stabili-
zation of the image plane.
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Ta6bnunua 2. OCHOBHbIE KOHCTPYKTMBHbIE NapaMeTpbl KOHCTPYKLNM TENAOBU3NOHHOIO 06bekTMBa
Table 2. Basic design parameters of the thermal imaging lens design

OTHOCUTeNbHOoEe
oTBepcTme
Relative aperture

BapuaHT ncnonHeHus
KOHCTPYKLMN
Design option

®opmar

Form factor

2 lens element

Mone
Field

BecnuHs, r
Lens weight, g

2 NINH3a OnnHa, Mm

Length, mm

[wnctopcusa
Distortion

1 F/1 640x480 | KMHOPODM 50, 0 127 127 <10%
Kinoform
2 F/1 640x480 Kpucrann 55 e 125 128 <10%
Crystal
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Puc. 2. Tepmocmabunu3upo8aHHble 06vekmuebl ¢ nepemMeHHbIM GOKyCHbIM paccmosiHuem 30-75 MM: a — cxembl 06BeKMu80s,
b - e2paguxu onmuueckoli nepedamouHoll pyHKUUU

Fig. 2. Thermally stabilized lenses with a variable focal length of 30-75 mm: a — diagrams of lenses, b - graphs of the optical
transfer function

158 ®OTOHMUKA TOM 15 N22 2021



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
I OPTICAL DEVICES & SYSTEMS m
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

BBITIOJIHEHA K3 T€pMaHHSA C ILI/I(l)paKLlI/IOHHbIM I1po-
CIJI/IT[E!M, BO BTOPOM BdpHAHTE€ KOHCTPYKIHMH BTOpAasd
JIMH3a Cfie/IaHa U3 OIITHYEeCKOI'0 KpHCTaJlJa.

3AKJTKOYEHUE

AHanu3 ONTHYecKOM IlepeJaTOYHOM GYyHKIHUHU
[IOKa3aJ, 4TO IIpHMeHeHHe KUHOQOPMHBIX, acde-
PHUUeCKHX 371eMeHTOB U KOMOMHAIIMSI OITHYEeCKHX
MaTepHaJIOB II03BOJISIeT CO34aTh TEIJIOBU3MOHHBIE
0O BeKTHUBEI, pa60Ta10LuHe B MK-muama3oHe, C BbICO-
KUM pa3pelleHHeM U TepMOCTabrIn3aLuen MaI0cKo-
CTH U306paskeHUs.
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for Authors, nNpuHMMAIOTCA HA CadTe  CMELMANLHOTO  BbLIMYCKA KypHana
https://www.mdpi.com/journal/atmosphere/special_issues/atmos_physicsllI
1010 aexabps 2021 roga.

MnaHupyeTcs w3gaHue C60pHuKa Aoknapos B Proceedings of SPIE (The Inter-
national Society for Optical Engineering http://spiedl.org/) B 3neKTpoHHOM BUgE.
MaHyCKpUNT, NOAFOTOBAEHHDIA HA QHIMIACKOM S3bIKe B COOTBETCTBUM C NpaBUamMit
SPIE, pomkeH 6bITb pasmewwgH Ha cawTe https://spie.org/paper-submission-ao02l
n015 nions 2021 r.oga

C npasvnamn NOArOTOBKY TekCTa AOKNAZA Ans nybankaumm 8 SPIE MOXHO 03Ha-
KOMMTLCS B pasgene «[lononHuTenbHas MHdopMaLms» 1 Ha caite http://spie.org/
conferences-and-exhibitions/authors-and-presenters/format-your-manuscript-
multimedia-files-and-references.

YueHbill cekpemapb Cumnosuyma K. ¢.-m. H. Xapuenko Onbag BuKmopoeHa.
Tomck, Poccusi, 634055, nia. Akademuka 3yeaa, 1; men. +7 (3822) 490462, +7 913 874-T1-00,
Qaxc: +7 (3822) 492086; e-mail: symp2021@iao.ru

PHoTONICcs vOL. 15 N22 2021 159



